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Abstract 
Analysis of Initial situation becomes an unavoidable step when facing with complex engineering situations. In literature, we 
observe many ways of describing such situations but none led to a coherent graphical description leading to the construction of a 
set of relevant contradictions. Nevertheless, in an Inventive Design process, this step appears necessary in order to guarantee to 
focus on the appropriate problem within a complex description in which many opportunities of R&D works can potentially lead 
to relevant or irrelevant technical investigations. This paper describes the logical sequence of steps to manage such situations and 
discusses on the coherence of these steps within the fundamentals of the Theory of Inventive Problem Solving. Our contribution 
is also described using the case study of Integrated Circuit development as domain in which our approach has been tested. 
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1. Introduction 
1.1. Initial situation analysis in design 
The process of Design recognizes ‘ill structured problem’ as a roadblock [2].The investigation of the initial 
situation and existing literature on a given problem scenario is often done hastily. As it is not fully tapped for 
building a clear picture of challenges that lie ahead often at later stages designers realize that some valuable link or 
input if used from the start would have given a quicker and better solution. From [2] we understand that there is 
fuzziness in the initial situation of a design and a limited understanding of the problem in hand in the mind of the 
engineers and scientists. So it is proposed to transform a problem from being ill-formulated to well formulated and 
organized. This helps us to accept in a step by step manner most of the obvious and non obvious requirements 
presented in the situation. Inventive designer needs to pay special attention in this context as the rate of new 
knowledge generation is increasing exponentially around us. So accumulating selectively points of interest from an 
ever-growing body of knowledge so as to give a directed and concrete form to the fuzzy initial situation is a 
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challenge in itself. We attend to this need of accumulating data of multi disciplinary nature for non-routine problem 
solving purposes. We present a visual framework for improving transparency in the formulation of problems from 
ill-structured state to well-structured. We intend to uncover contradictions from the well structured problem. 
This paper then provides a case study in Integrated Circuit cooling more specifically for cooling “Hot Spots” in a 
chip. Contradictions as a concept are well-illustrated in literature .But in most of these cases the authors tend to 
intuitively pick the most appropriate ones apparently in opposition form a given population of conflicting 
parameters which seems baffling to a beginner. That is to say the congregation of all possible facets of an initial 
complicated and multi-disciplinary situation in form of contradictions has not been adequately addressed. This does 
respect the TRIZ viewpoint but one cannot see clearly the result of these parameters on the outcome of the solving 
activity. In the current discussion, we propose a methodology to embody an initial problematic situation and rules to 
interpret graphical model viz. A problem graph and rules to emphasize a problem to be addressed in priority: namely 
the key problem that can lead to key contradiction. 
1.2. Existing methods and their short-comings 
Root cause analysis techniques 
Barrier analysis: Used commonly in process control industries, this method tends to  trace energy flows with a 
goal to identify barriers to flow and thereby act on them [4].  
Causal factor charts: This method gives more importance to the temporal aspects of the logic behind cause and 
effects than seen in cause and effect trees [18]. 
Change analysis: This method compares the scenario where problem is present to one in which the problem does 
not exist so that changes or differences that can explain the occurrence of the problem can be identified [4]. 
Current Reality Tree: This method is proposed by Eliahu M. Goldratt in his Theory of Constraints .to lead 
investigators to locate and relate causal chains constrained by logical rules i.e. Categories of legitimate reservation 
(CRT).  CRT tells us to briefly list unwanted elements surrounding us and unfurls the root cause/s behind the 
problem scene [6]. It depicts system functionality rather than organization for a given set of circumstances 
irrespective of system boundaries aimed towards pointing out the most probabilistic causal chain that is closest to 
reality. 
Failure mode and effects analysis (FMEA): Like in Pareto analysis here to we can observe a ranking of failures 
but FMEA is better organized in that the failures are ranked by the frequency and seriousness thus eliminating 
failures starting from most critical ones. FMEA tracks the present knowledge and responses to different possible 
failures to provoke continuous improvement [7]. We note that our method not only takes into account the merit of 
locating the key cause of a problem but also gives the necessary parameters to form contradictions and facilitate 
TRIZ deployment. 
Fault tree analysis: It is a graphical depiction of the propagation of faults in parallel or in sequence that lead to 
the main failure in a system as seen from the analyst’s perspective [18]. It shows thus the inter-relationships of faults 
and structures the same using Boolean logic.  
5 Whys: Successively interrogating a problem with the question “why” lets say about 5 times, one gets a deeper 
understanding of the probable causes for the occurrence of problem. It is a simple and easy to use method [22]. 
Ishikawa diagram: also known as the fishbone diagram or cause and effect diagram [9]. This is another way to 
represent cause effect chains in a horizontal tree that looks like a fish .It is fairly well known for its ease of use. Here 
too we find many probable causes for a problem but no means of extracting contradictions.   
Pareto analysis: This method uses the idea of Pareto principle that is to locate and solve the key 20% of 
problems to get 80% of desired results [1]. 
In all the above methods we see the formation of causes or faults that lead to problem or failure but none of these 
methods are aiming to extract parameters useful in Contradiction formulation although eventually one can come up 
with seeming opposing causes using these methods. 
Above, we now cite some techniques of a different type, more dedicated to frame an initial situation for TRIZ 
studies: 
Root cause analysis plus: This method aims to map all cause and effect chains for a given problem in the form 
of general negative effects and locate conflicts for resolutions [17]. The essence of our method is to reformulate 
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existing situations in terms of a template that reduces complexity and facilitates text mining operations for a later 
stage of Inventive thinking process. By doing so we intend to locate the key contradictions in a given problem 
domain using our method. Briefly stating it is using template of harmful effects in the form of a tree to obtain 
contradictions where each node starts of causes and /or effects. The problem graph is not a tree but a free and 
organic connection of problems preferably following the pattern of radiant thinking as suggested by Tony Buzan in 
mind mapping or think maps [10][11]. That is, one starts with a widely known problem in a domain and then starts 
spreading out other auxiliary and related problems of interest. Problem graph is a collection of interlinked problems 
where the hierarchy is not decided by sequence of problem but the number of sub or co problems that are associated 
to a particular problem 
Other Methods: One can observe a mathematically centred definition of problems of this category in CSP or 
Nonlinear Analysis   [12]. But it is often needed to describe a system first than being mathematically precise about 
it. So we do not tend to be neither too knowledgebase oriented like a computer or too analytical like a 
mathematician. 
OTSM-TRIZ Network of Problems: In the broader frame of TRIZ centric contributions one can note [8] .The 
framework put down in OTSM for correlating problems and partial solution has always been a promising reference 
for us [14] [15]. Nevertheless, we distinguish our monetization mode and our fundamentals in several directions: 
While it seems to us that problems in OTSM Network of Problems must be accurate and exhaustive, in problem 
graph we use excessively simplified sentences. Up to a point where a grammar form should be the only prerequisite 
to formulate problems (like we learn at the age of 5). We also insist in the fact that a problem sentence must only 
carry one notion within its meaning otherwise scenarios of solving will lose their relevance. 
While it seems that partial solutions in OTSM Network of Problems results in attempts of understanding the way 
engineers think on “how to solve” the problem, in problem graph, we can only compile candidate of partial solution 
that are acknowledged in the covered domain. It must be clear that the difference between and “idea of solution” and 
“a known partial solution” has a significant difference: there must be a technical proof to support the expert claims 
in Partial Solutions in Problem Graphs, otherwise there is inclusion of doubt in the formulation and again, the 
resolving for analysis is losing relevance. 
Finally, Problem Graph only offers a planar representation while it seems to us that OTSM Network of Problems 
is asking for hierarchy. We have experienced industrial situations in which it was really difficult to carry 
hierarchical representations in all described situations in the same order. As an example, a given hierarchy in 
problems decomposition might be true in a linear description, while some identical problems must occupy a 
different hierarchical place in another linear description. As a result, we have a graphical model that is getting more 
complicated if we wish to be also precise in its hierarchical description. In problem graph, the only thing we need is 
a “sufficient description” and not more, as we know engineers or domain experts have little time to dedicate to such 
tasks. Therefore, we stop the accuracy of the description to what we necessity to achieve what we need: highlighting 
appropriately a core problem. 
US Patent No.5, 581,663 (Automatic Problem Formulator by Zlotin et Al): It presents a well structured initiative 
for formulating problems [5]. But we see no claims of forming a key contradiction from a sum of problems in a 
domain and also the user is unaware of potential linking errors done by software until the results are displayed.  
Our approach is to attract or accumulate expertise in a wider context of problems and their existing solutions so 
that we can put this information to use in the contradiction formulation involving more complicated Scenarios than 
the ones outlined in the above work. 
Computer aided innovation tools 
Goldfire Innovator: One of the most known tools in the industry is Invention machines Goldfire Innovator 
product and its “Cause and effect model” [13]. Some of its striking features include a simple and ergonomic user 
interface. But in this process of highlighting a “core problem” limits the typology of situations. Also, we are unable 
to see neither how new rules can be implemented for graph interpretation nor any connections between the core 
problem and the contradiction formulation. 
Creax innovation suite: One can notice provision for “Problem Description” under a tab with the same name 
which covers preliminary data collection for project briefing and benefit exploration[21] .However it does not 
concern the formulation of contradiction through congregation of implicit information in the mind of the Domain 
Expert in any way. Also the System model tab does allow users to visualize information using Su-Field convention. 
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However at the onset of a problem one cannot expect to relate very clearly various interactions as per the semantics 
of Su Field analysis and this restriction reduces openness for implicit knowledge gathering from within the experts’ 
experiences in that domain so that robust contradictions can be formulated. 
Ideation’s innovation workbench: We will not enter into much detail regarding this tool since we think the 
model of description it uses comes from the patent 5,581,663 cited previously [20]. The graphical interface and the 
methodology proposed to build a “cause and effect” chain of problems essentially aims at formulating problems 
(from root to end of chain), which obviously plays a key role for formulating contradictions (at least semi-
automatically). In our case, we also need to gather useful information beyond root case problems, up to all 
multidisciplinary knowledge involved in cross-disciplinary situations. This is also the opportunity to identify 
physical causes of contradictions and considerably ease a domain representation through sets of interconnected 
contradictions. 
Problem Graph Approach: Building on the prior, art we incorporate the following key points in our method: 
We create a linear correspondence of the problem causes with evaluation or action parameter. This is new and 
allows to link problems with contradictions; 
We create links of problems where the merit of a solution is the number of problems it eliminates or solves. This 
is new and contributes to the evaluation process of Solution Concepts; 
The weight of a problem is seen clearly by the number of child problems it causes. This is a new way of 
evaluating the best appropriate Solution Concept, it differs from simple weighting based on experiences and 
intuition; 
In addition, graph theory algorithms can be used to highlight problems (PB) and partial solutions (PS) that have 
the above mentioned characteristics. Our software is still a java prototype and therefore allows us to test new 
hypothesis of relevant algorithms. 
2. Deploying problem graph for Initial Situation Analysis. 
2.1. Introduction to our approach 
The main question arising to us to assist designers in their task to collect important contradictions of complex 
situation can be summarized as follows: 
Starting from a unstructured initial situation, how to transpose and link know-how residing tacitly in expert mind 
to a sub-set of contradictions where important parameters disserving to be solved in priority? 
The response we have tried to build passes through a graphical model that we called "Problem Graph" [19]. 
The attributes expected of this graph are: 
y To be a graphical model where both yet unsolved problems and known solutions having only partial results 
would coexist and be linked in the same representation. 
y To be a graphical model elaborated with accurate rules for quantitatively build relevant hypothesis of 
solving scenarios. 
y To consist in a set of simple symbolic elements facilitating fast disambiguation and building of tacit expert 
know-how based on question and answers sequences between domains experts and a facilitator. 
y To be composed of elements whose generic nature allows storage and cohabitation between knowledge 
from various domains within the same graph. 
Finally, the functionalities expected of such a graph are of three orders: 
y Use, upstream of a study, as "mesh-like" structure that would store multidisciplinary knowledge covering 
the observed domain. 
y Due to its "graph" nature, allow the use of heuristics leading to rank choices regarding resolving actions to 
engage. 
y In downstream of a study, serve as a template for each solution concept evaluation by measuring the impact 
of the latter in its ability to "collapse" or "shrink" the initial graph in a new graph with fewer nodes and 
links. 
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To obtain a dialectic description of things so as to easily use TRIZ we intend to use text mining procedure to 
extract, compare, analyze the created models in the near future automatically. In accordance to this objective we 
limit the description of problem scenario as “Problems” and “Partial Solutions” and their causal chains. 
Problems have been reduced to essentials and any necessary information is hidden away in the node of the 
problem using the software prototype feature. One node or Problem definition represents only one idea. Here we 
consider any undesirable effect or hurdle that prevents system evolution as problems. 
 
 
 
Figure 1: Graphical representation of a problem. 
 
Results that are accepted as solutions for various problems are considered as partial solutions and are expressed 
in a simplified way similar to problems. But unlike problems the template for solutions is different. These widely 
accepted solutions typically include the literature of the domain meaning the key patents and publications internal 
and external to the company. Here we talk of existing and well established solutions and not concepts proposed for 
tacking unsolved problems .So distinction to be made between the Partial solution and Solution concept respectively 
otherwise the insertions of hypotheses and the ambiguity associated therein will weaken the significance of the 
Problem graph. 
  
 
 
Figure 2: Graphical representation of a partial solution. 
 
So the Problem Graph is a large set of problems and their solutions where causal chains are covered extensively 
using the template suggested above. We decompose a problem to one of its simplest form in the template seen 
above. Thereby eliminating ambiguities formed out of jargons and also to increase the awareness of problems which 
may stay unnoticed until their presence is reflected in some partial solutions. 
2.2. How problem graph is elaborated 
One must consult with experts in order to have better view of the problem and Partial solutions in the border of 
the problem being targeted [3]. This negotiation between the Expert and facilitator serves to uncover several details 
that tend to be considered a given in many texts and other passive computer based data. We present building 
Problem graph as an iterative process that needs frequent discussion between the facilitator and design team 
members involved. The starting point of the investigation is a commonly agreeable issue in the domain that is 
closely associated to the problem in hand among the awareness of experts of the team. This although seemingly 
arbitrary is useful as we are looking at a larger space of problems and not tending to narrow done directly to the 
contradiction but to unfurl the parameters from various bodies of knowledge that will lead us to the key 
contradictions. This investigation is carried out until a consensus on satisfactory level of understanding is formed. 
By problem space we are looking at the interconnected problems needed to be understood to sufficiently describe 
the initial problem .Here the most essential part of the problem has to represent the whole context of that particular 
problem. 
In order to holistically look in to a problem scenario one must acknowledge the existing solutions in the domain 
as well in the Problem graph.  The total links of partial solutions could also be mentioned as Partial “Solution 
Space” that intermingles with problem space. 
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The exit point is reached when saturation occurs among the problems and partial solutions put forth by the group 
and that the suggestions start repeating. This means that most of what needs to be expressed has been convened in 
the graph. Hereafter we mention the updating and up keeping of information relevant to problem solving process in 
the graph. 
2.3. Problem graph updates and issues 
Our goal is to maintain largest amount of information possible regarding the project for a given amount of time 
because companies a lot very limited time for initial situation analysis. Graph is formed using our software 
prototype (TRIZAcquisiton). For tracking changes across versions of the graph there is special feature that gives a 
contrast of the changes that have been made. Also alternatively one can create and store graphs in different folders 
to facilitate version tracking. 
2.4. Typical Situations 
From Problems to Partial solutions 
The problems can be related to each other as causes or effects. So in general “one can” use a certain Partial 
solution to solve certain aspects of a problem while giving rise to certain other problems as shown.  
 
 
 
Figure 3: Graphical representation PBÆPS. 
 
From Partial solutions to Problems 
A partial solution which does not cause any resulting harms or problems ends the graph. But many a times 
solution itself leads to new problems and is to represented as having link ”but then ” as seen below. 
 
 
Figure 4: Graphical representation PSÆPB. 
 
Linking Problems 
Linking problems must be done cautiously as there are interdependent and so if the first in chain is solved then 
the whole chain should vanish. So if for example Problem PBx-1 is solved then corresponding problem PBx shall 
disappear as well. 
 
 
 
Figure 5: Graphical representation PBÆPB. 
 
2.5. Particular cases 
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Problems only partially solved 
If partial solution cannot fully solve a problem the nit is distinguished by dotted lines which means there is no 
satisfactory results of the partial solution or are insufficient. 
 
 
 
Figure 6: Graphical representations PBÆPS. 
 
Links between Partial solutions 
A chain of several partial solutions, succeeding each other is to be considered with precaution. A partial solution 
following another signifies that the previous one had not solved the whole problem. If not, the new partial solution 
probably solves another problem either already presents in the graph or needing to be formalized. 
2.6. Focusing on the “Key Problem” of the problem graph 
If we can consider a graph as completed (as expressed in §3.3), we can operate a simple manipulation using a 
generic or a dedicated grapher the following way:  
1. Find and store all chain of problems not disturbed by the presence of a partial solution. 
2. Select all initial problems of all chains noted in 1. 
3. Propagate the solving hypothesis starting from each problem noted in 2. 
4. Count the quantity of problems solved in each case treated in 3. 
5. Highlight the key(s) problems (those which are provoking the largest quantity of problems hypothetically 
solved). 
We start from the hypothesis that if this problem is solved, then the longest chain of remaining problems will also 
be solved. Therefore, we can consider that each highlighted problem in step 5 is a major point to focus on in order to 
enter in a deeper formulation (using contradictions) and a solving process to synthesize Solution Concepts. This 
statement will not limit the possibility to other problems to be addressed within the solving process since the key 
problem is only a point of entrance in a further analysis. An additional step can therefore be organized at the end of 
the Solution Concept synthesis stage to evaluate the impact of a given Solution Concept onto the problem graph 
3. Obtaining parameters through problem graphs 
3.1. Contradictions oriented overview of problem graph 
Problem graph is a pictorial view of problems encountered in the overall scope of study. Not only this but also we 
get a reduced set of key problems to enter the given problem domain. Afterwards we can see an alternative use of 
the problem graph with reference to solution concepts. But for now, one requires relevant entry point(s) to tackle 
difficult problems. 
For this, we need to derivate problems in contradictions if we wish to use TRIZ techniques to solve them and 
synthesize Solution Concepts. Next we are describing how a problem graph is linked to set of contradictions.  
3.2. Linking problem graph and contradictions 
In our industrial experience, when applying such graph to problematic description, it often appeared that each 
problem (when formulated as described in the previous paragraph) can be derived in one (or several) evaluating 
parameters. The partial solutions, in their case, may be derived (or give rise) to one or several action parameters. By 
organizing a formal relationship, when possible, among problems (PB), partial solutions (PS) and parameters, we 
obtain a set of links in the problem graph of our explored domain. 
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Figure 7: Linking PBÆEP. 
 
 
 
 
 
Figure 8: Examples of links PSÆAP. 
 
The next step is obviously contradiction formulation but is outside the scope of this paper. 
4. Case study 
Integrated circuits are semiconductor electronic devices composed of switches called transistors which are 
interconnected to form circuits and discharge different functionalities (eg. Memory or Floating point unit). Recent 
advances in Chip manufacturing process driven by market demands have lead to invention of smaller transistor 
geometries which in turn have increased available raw computing power. This is achieved at the cost of very high 
heat dissipation estimated to exceed KW/cm2. This has become a major bottleneck for development of ICs. A lot of 
research carried out in this domain has revealed the intricate thermo-electric relationships behind IC operation and 
heat dissipation as well as give birth to many solutions. But having said so, there is still on going research in this 
area to provide cooling solutions consuming lesser resources in terms of volume, power and cost. 
The current study aimed to use the initial situation analysis to sum up the solutions available and to cluster the 
problems of nano-scale heat transfer .More specifically the  multi-causal nature of problems and thereby the various 
paths and solutions were propagated to see the current roadblocks and contradictions.  
One such fundamental contradiction is that we need to cool high heat flux density of several KW/cm² having a 
few microns diameter (also known as hot-spots) and varying temporally and spatially [16]. Thus if we were to  cool 
the entire Integrated circuit for the absolute maximum temperatures of Hot spots then consequently other areas of 
the chip would be severely overcooled. This would clearly exceed the cost and component constraints per integrated 
chip. 
Here we are excluding too many implementations related specifics too keep our case study focused on the 
methodology. But the domain being highly phenomenological and complicated the formulation of solution concepts 
requires the specific conditions and other super-system related aspects such as the available prototyping facilities. 
Therefore the case study deals only in the initial situation analysis based on key results expressed in the litterature 
and pending problems in the domain. 
4.1. “Hot Spot” problem graph 
The overall graph based on litterature exploration is given figure 9, it emphasize that at a certain stage of the 
representation, sentences containned in reference texts related to the domain are rather easy to identify and insulate 
from the rest of the text to be implemented in the graph. 
Out of this graph, figure 10 indicates a sub view obtainned after applying our heuristic of identifying core 
problem. 
 
 EP1: Heat Flux (W/cm²) PB1: ICs get overheated 
 AP1: Surface Area of Heat 
spreader (cm²) 
PS1: Use heat spreader to 
cool it 
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Figure 10: Core problem identification. 
 
This core problem becomes a topic of discussion to verify if what has been identified automatically has a sense or 
not? In our case we would interpret this result in 3 ways: 
y Treat the problematic of “Computational capacity of ICs”: this direction seems highly constrained a really a 
complex one. 
y Treat the problematic of “Integration of functional blocks (SoC)”: which seems more reasonable in terms of 
complexity. 
y Treat the problematic of “transistors’ quantity”: Which in our mind is also a more promising option as the 
case complexity seems manageable. 
Another angle to consider is the improvement of an existing partial solution. If we apply our SC’s importance 
ratio, we obtain PS1 & PS11 as Partial Solutions having the bewt balance ration between the problems they solve 
out of the problems they create. 
Therefore, two additional directions are pointed: 
y Treat the “digital fluid control system using electro statically operated droplets” in improving its impact of 
Hot spot’s temporal variations. 
y Treat the “localized depletion of boiling fluid in heater region” in improving its capacity to preserve 
transistors damaged by hot spots.  
 
   
 
 
Figure 11: Core problem identification. 
 
4.2. Links between problem graph and contradiction 
After the graph interpretation, we focused on evaluating parameters in link with the key problem evoked in 4.1. 
These parameters are Heat dissipation (KW/Cm²) (EP) and Quantity of small holes (AP). As a result, we formulated 
the following contradiction and consider that this is hypothetically the best possible point of entrance into the 
solving process. 
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Figure 12: Contradiction highlighted. 
 
Despite the fact that this contradiction doesn’t seem to be directly linked with the problems mentioned in 4.1, we 
are ahead of the improvement of a Parial Solution of “Using microjet fluids” as a potential source to impact the 
problem of Hot spots in transistors. The main reason to this is probably due to the lack of literature contents to 
characterize the remaining problems out of the use of electro statically operated droplets. As a result, the graph is 
stopped (non-existing links) and wicked interpretation is observed.  
5. Discussions  
The case study investigated reveals that five options could be investigated for further research in priority amongst 
all other problems contained in the domain of Hot point. One of the hypotheses of solving that could be addressed in 
priority is the contradictions shown figure 11. If the problem graph has been properly constructed, it also signifies 
that addressing this challenge and synthesizing an inventive solution concept out of it will impact the problem graph 
at its epicentre of consequences. The logical consequence of solving PB12 will thus be consequent on the overall 
graph and expectations regarding the benefit are therefore higher. 
Of course, all of this is hypothetical and built based on the assumptions that know-how extraction has been 
exhaustive and true. It also rely on the TRIZ techniques’ capacity to assist Solution Concept generation stage in an 
efficient manner, but these proofs have already been made among many papers or books related to TRIZ’s 
successful case studies. 
On the contrary, we can easily imagine lacking of information or inappropriately building a graph with missing 
or wrongly built links. As a result of a badly oriented formulation and pool of knowledge harvesting, this exercise’s 
value would lead to a very simple creative session’s results: some useful ideas based on the use of a TRIZ technique, 
among others. 
6. Conclusion 
This paper provided us the opportunity to propose a contribution in the early stages of Engineering Design 
studies. It aimed at providing pragmatic answers to the challenge of addressing inventively oriented studies under 
complex circumstances. One can note that innovative goals are still scarce compared to optimization ones in 
industry. But Design research activities has been so far saturated with optimization oriented contributions while 
related to innovation, these research results were only providing additional time resources for an engineer to 
innovate (while reducing routine design operational time). We hope this attempt to structure the quantitative aspects 
of inventive design upstream phases will become an open framework for future research discussions around 
communities interested in contributing to structure innovation in industry. 
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Figure 9: Uneven Thermal Distribution i.e “Hot Spot” graph. 
